We have investigated the effect of inclusion of two transition metal ions (TMI) on structure and optical properties of borate glass system having composition xMnO 2 -yZnO -(100 -x -y) B 2 O 3 (9  x  12, 36  y  48) prepared by melt quenched route. Thermal study by using a differential scanning calorimeter (DSC) reveals that the glass transition temperature (Tg) and crystallization temperature (Tc) of the glasses increases with the increase of borate content in the system. Fourier transform infrared (FTIR) spectra indicate that inclusion of TMI produces BO 3 and BO 4 structural units by breaking the boroxol (B 3 O 6 ) ring. The optical band gap energy estimated from ultraviolet-visible spectra shows a decreasing tendency when TMI are incorporated in the borate structure.
Introduction
Glasses are receiving considerable attention due to their unique properties like hardness, good strength, transparency and excellent corrosion resistance. X-ray diffraction (XRD), infra-red spectroscopy (IR), differential scanning calorimetry (DSC) studies has been extensively employed over the years to investigate the structure of glasses [1] [2] [3] [4] . Borate glasses, in particular, have been the subject of numerous infra-red studies due to their structural peculiarities [5] [6] [7] [8] . In pure B 2 O 3 glass structure most of the boron is involved in B 3 O 6 (boroxol) ring. Addition of modifier breaks boroxol ring and thereby produced BO 3 and BO 4 units [6, 8] . In addition, modifier also changes the physical properties along with structural modifications.
Recently, the study of oxide glasses doped with transition metal ions (TMI) has received considerable attention due to their attractive combination of physical and chemical properties. TMI doped borate glasses have application in microelectronics, optical glasses and solid state laser [9] [10] [11] . Continued effort for the development of new glassy materials either by doping or by adding TMI, and the study of their novel properties is highly relevant due to their potential applications in various technological fields [12, 13] . Keeping in mind the very fact of creating novel functionalities we have chosen an uncommon glass system. We report here the preparation, structural characterization and optical properties of manganese and zinc oxide containing B 2 O 3 glass with an intention to precipitate Mn-doped ZnO crystal in the borate glass matrix, which may lead to a new composite spintronics material.
Experimental Procedure

Preparation
Multicomponent transition metal oxide glasses containing MnO 2 -ZnO-B 2 O 3 having different compositions, presented in Table 1 , have been prepared from analytical grade precursors MnO 2 , ZnO and B 2 O 3 . Batches of 5 gm sample were prepared by taking weighted amounts of three oxides in an alumina crucible and melting mixture in a precisely controlled high temperature furnace (Thermolyne type 46100) at a temperature 1200˚C in ordinary air atmosphere. Melted mixtures were repeatedly swirled to ensure complete homogenization. The glasses were prepared by quenching the melted materials between two brass plates.
Characterization
X-ray diffraction technique was used to check for possible crystallinity of the samples after quenching and annealing. We have utilized Philips (Philips PW 1050/51) x-ray powder diffractometer with CuK radiation. Differential scanning calorimetry study was carried out on a Schimazdu DSC-60 in the temperature range 30˚C -600˚C at a constant rate 10˚C/min. under ordinary air atmosphere using aluminum pan. The accuracy in determining the Tg and Tc were  3˚C. Scanning electron microscopy (SEM) study was performed in a Hitachi made instrument (S-3000N). Vibrational spectra of various asprepared glasses were obtained by KBr pellet technique in the range 400 -4000 cm -1 using a Nicolet Magma-IR (750, Series II) spectrophotometer. The optical absorption spectra of as-prepared glass samples were recorded at room temperature in the range 200 -800 nm using a double beam Hitachi spectrophotometer (model U3410). Figure 1 presents the XRD pattern of the sample containing 45% B 2 O 3 which is typical for other samples. XRD patterns of all the as-prepared samples show no sharp Bragg's peak, but only a broad diffuse hump around low angle region. This is the clear indication of amorphous nature within the resolution limit of XRD instrument. Scanning electron microscopy studies of these as-prepared samples also exhibit a clear surface without the presence of any microstructure. Figure 2 shows a typical SEM micrograph of as-prepared sample having 55% B 2 O 3 . Absence of microstructure in SEM picture also indicates the amorphous as well as homogeneous nature of the samples. Figure 3 shows the DSC curve of as-prepared sample having 40 mol% B 2 O 3 . This curve clearly shows one endothermic peak and one exothermic peak. The endothermic peak corresponds to the glass transition while the exothermic peak indicates the crystallization point of the glass. The glass transition (Tg) as well as crystallization temperatures (Tc) are estimated by the slope intercept method. The nature of the DSC curves is typical for other glass compositions.
Result and Discussions
XRD and SEM Study
DSC Analysis
Thermal study of the glasses were performed because any change in the coordination number of network forming atoms, or the formation of nonbridging oxygen, is known to be reflected in the Tg. Figure 4 illustrates the variation of Tg and Tc with compositions. DSC study reveals that both Tg and Tc increase monotonically with the increase of B 2 O 3 content, which is the network former here. It is reported that generally Tg and Tc increases with the increase of network former/glass former [14] which is observed in this present study also. However several reports of germanate anomaly are there which shows a decrease in Tg with the increase of GeO 2 content in the glass system [15] . A maximum in the Tg vs. B 2 O 3 content curve is also reported [16] . It is believed that Tg is depend on the strength of chemical bonds in the structure. TMI in general, plays the role of a network modifier and non-bridging oxygen increases with the increase of TMI content in the glass system. Increase of non-bridging oxygen indicates the breaking of chemical bonds, which in turn decrease the Tg. Increase of Tg with the increase of network former, in other words, decrease of TMI, indicates the increase of strength and connectivity of the glass structure in this case.
FTIR Study
Infrared spectroscopy has proved to be an important tool for the investigation of structure and dynamics of disorder materials. IR spectra of materials may help to get the idea of the nature of vibration in a disorder system [16] . The room temperature vibration spectra of the glasses were obtained using KBr pellet technique in the range 400 -4000 cm -1 . A typical FTIR spectrum of the as-prepared glass containing 50% B 2 O 3 is shown in Figure 5 . As expected, these spectra exhibit broad absorption bands as a consequence of the general disorder in the network, mainly due to a wide distribution of structural units occurring in these glasses.
The band marked as A attributed to the presence of transition metal ions in bi-valent state (Zn 2+ , Mn
2+
). The absorption bands marked as B, C and D are due to borate matrix. Details of the appeared peaks are presented in Table 2 . The peak assignment is consistent with other published work [17] [18] [19] . Absence of peak around 806 cm -1 , which is clear from the inset of Figure 5 , indicates that borate network does not contain any boroxol ring [17] . The broadness of D band is due to the presence of Zn 2+ in the system. Generally, in pure B 2 O 3 glass most of the boron is involved in B 3 O 6 boroxol rings [18] . The addition of TMI breaks these rings and increasingly BO 3 and BO 4 units are formed which is, reflected in our samples also [20] . No detectable variation in peak positions and band shape are observed with the change of composition.
Optical Absorption Study
The fundamental optical band gap of the glasses has been computed based on their UV-Vis absorption spectra, for understanding their optically induced transitions. There are two types of optical transition, which can occur at the fundamental absorption edge of crystalline and noncrystalline materials. They are direct and indirect transitions. In both the cases, electromagnetic waves interact with the electrons in the valence band, which are raised across the fundamental band gap to the conduction band. For photon energies h just above the fundamental edge, the absorption  follows the standard relation,
where A is a constant and E g is defined as the energy band gap. A typical plot of (αh) 2 versus h for the glass having 55% B 2 O 3 is presented in Figure 6 . Extrapolation of this plot to  2 = 0 gives the optical band gap E g for direct transition. We have estimated the optical band gap for all the glasses, which varies from 3.45 -4.05 eV for direct transition while B 2 O 3 content changes from 40% -55%. The value of E g for indirect transition is obtained by extrapolation of (h) 1/2 versus h plot to  1/2 = 0 [21] . The optical band for indirect transition varies from 3.39 -3.60 eV while B 2 O 3 content changes from 40% -55%. Figure 7 reveals the variation of optical bandgap with the change of composition. It can be observed from Figure 7 that both the direct and indirect band gap increases with the increase of B 2 O 3 . In other words, the optical bandgap decreases with the increase of TMI concentration. This can be attributed to the structural changes that are taking place with the introduction of TMI. Inclusion of TMI in borate structure may create some defect states in the midgap, which is responsible for the decrease of bandgap. The broadness of the absorption edge may be due to the presence of localized state in the band tails.
This paper is a part of more general study concerning the synthesis, structural characterization and optical study of borate glass system. It is noteworthy to mention here that we have annealed one glass sample at 500˚C for 60 min. XRD pattern of annealed sample confirms the precipitation of nanocrystalline Mn-doped ZnO, which also shows magnetization at room temperature. This result indicates the possibility towards the development of borate based spintronic materials. Details of the magnetization are reported elsewhere [22] .
Conclusions
In conclusion, we are able to prepare series of uncommon manganese zinc oxide containing B 2 O 3 glasses through melt-quenched technique and report the experimental investigation of thermal stability and spectroscopic studies. Both the x-ray diffraction and SEM studies confirm the amorphous nature of the as-prepared glasses. The effect of TMI dopping on structure and optical property is discussed. In addition, we have demonstrate that magnetic Mn-doped ZnO nanoparticles can be precipitated in the borate matrix if the glasses annealed at particular temperature.
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